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3 METHODOLOGY 
3.1   Overview 
An overview of the different steps to be taken for performance analysis of a downdraft 
and fluidized bed biomass gasification using thermodynamic equilibrium model is 
shown in Figure 3.1. The details of each step are explained below. 
 
 
 
 
 
 
 
 
 
 
Figure 3-1: Process Flow Diagram for Analysis Gasifier Performance. 
3.2  Problem definition (Step 1) 
The first step is the problem definition for the performance analysis under study where 
the overall objective is defined. The main objective of this project includes: 
i) To investigate and analyse the performance of downdraft biomass 
gasification using thermodynamic equilibrium model using wood, rice husk, 
empty fruit bunch and sawdust. 
ii) To investigate and analyse the performance of fluidized bed biomass 
gasification using thermodynamic equilibrium model using wood, rice husk, 
empty fruit bunch and sawdust. 
Achieved?  
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iii) To optimize the important parameters in term of gasifier temperature, 
moisture content, steam biomass ratio and carbon conversion for downdraft 
and fluidized bed gasification. 
iv) To compare the performance of downdraft and fluidized bed biomass 
gasification under nominal operating condition and optimal condition. 
v) To validate the performance of biomass gasification obtained using 
thermodynamic model. 
3.3  Process and Product Specification (Step 2) 
In this step, process and product are specified by the user before the performance 
analysis is done using Excel. The specification is required to give information for the 
system that needs to be analyzed based on the desired product or analysis data needed. 
The user needs to specify process to use either downdraft or fluidized bed gasifier or 
using both type of gasifier in order to study the performance of the gasifier. This 
performance analysis can be done using four types of feedstock that is wood, rice husk, 
empty fruit bunch and sawdust. The users can select either one of the feedstock or can 
select all of it to compare the gas composition obtained through the gasifier.  
In the product specification, the user also needs to specify what conditions need to be 
achieved in the final product. These conditions may consists of the operating condition 
of the gasifier such as temperatures, steam biomass ratio, moisture content and gas 
composition. The user can choose any temperature and can see the performance of the 
gasifier on different temperature. The steam biomass ratio is specified to analyze how 
the performance or amount of hydrogen product changes if the ratio of compound or 
feedstock reacted with the steam change. The main product in this model is hydrogen 
gas composition and efficiency of the gasifier. The choice of the specification is listed 
out in the Table 3-1. The range of temperature that can be selected is between 250°C-
1000°C for both gasifiers. Meanwhile, the moisture content chosen in the result part is 
between 0% and 40%. It should be noted that the moisture content higher than this 
range will not be suitable for the gasification process. 
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Table 3-1: Process and Product Specification. 
 
Process and Product Specifications Choice 
Type of Gasifier a) Downdraft gasifier 
b) Fluidized bed gasifier 
Biomass a) Wood 
b) Rice husk 
c) Saw dust 
d) Empty fruit bunch 
Temperature *the user can choose any temperature range of 
250
0
C-1000
0
C 
Moisture Content *the user can choose any moisture content 
range of (0% -40%) 
Reactant a) Air 
b) Steam 
Product a) Hydrogen gas composition 
3.4  Thermodynamic Equilibrium Model (Step 3) 
The equilibrium model assumes that all the reaction is in thermodynamic equilibrium. It 
is expected that the pyrolysis product burns and achieves equilibrium in the reduction 
zone before leaving the gasifier, hence an equilibrium model can be used in the gasifier 
to analyse the performance of the gasifier based on certain parameter. Figure 3-2 shows 
the step by step of the thermodynamic equilibrium calculation.  
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